Background: Influenza infections can lead to viral pneumonia, upper respiratory tract infection or facilitate co-infection by other pathogens. Influenza is associated with the exacerbation of chronic conditions like diabetes and cardiovascular disease and consequently, these result in acute hospitalizations. This study estimated the number, proportions and costs from a payer perspective of hospital admissions related to severe acute respiratory infections.
Background
Influenza, caused by a contagious respiratory virus, is a common upper respiratory tract illness that results in substantial morbidity and mortality worldwide. Additionally, influenza results in high health care costs and places significant clinical and economic burden on the patient and society [1] . Uncomplicated influenza is characterized by non-specific respiratory symptoms among other general conditions (fever, myalgia, headache, nonproductive cough, sore throat and rhinitis) which generally resolve after 3 − 7 days. It is well-known that influenza directly causes viral pneumonia, secondary bacterial pneumonia, upper respiratory tract infections such as sinusitis and otitis media; or facilitates co-infection with other viral and bacterial respiratory pathogens [1, 2] . Infection with influenza virus is also associated with the exacerbation of underlying chronic conditions like diabetes, pulmonary (asthma and chronic obstructive pulmonary disorder) and cardiovascular diseases. Evidence suggests that influenzarelated complications occur more frequently and are more severe in groups that are at a higher risk of respiratory disease, metabolic disorders and cardiovascular diseases, resulting in high resource utilization and mortality rates. Besides common complications related to influenza, young children are also susceptible to additional nonrespiratory tract complications. In some circumstances, infected individuals do not show any symptoms and remain subclinical [1] . Although relatively rare, hospitalization for both respiratory tract and non-respiratory influenzaassociated complications could be expensive. There is increasing evidence that influenza infection is not only associated with severe acute respiratory infection such as pneumonia but that it also exacerbates in a number of cases with preexisting chronic diseases, notably cardiovascular ones [3] [4] [5] . Influenza-associated complication rates are however influenced by a variety of factors and are notoriously prone to underreporting [6] [7] [8] .
In Belgium as in most other developed countries the burden of disease and impact on health care systems can be divided into several components which can be presented as a pyramid. At the base of the pyramid are asymptomatic individuals who do not seek health care. Moving bottom-up are individuals with symptomatic uncomplicated cases of influenza who are likely to stay a few days out of work or school since they are unable to perform their daily activities. However, a small proportion of these individuals seek medical ambulatory care, generally through a general practitioner (GP) who in some instances may order a laboratory confirmation test. It is widely established that with the development of influenza-related complications subsequent to infection with the virus, detection of the virus is not usually possible due to its action in indirectly triggering or facilitating other diseases. Moreover, there is no satisfying rapid point-of-care test with high accuracy available for detection of influenza. Consequently, it becomes difficult to estimate the burden of disease of influenza. For complicated cases, when pneumonia is present or suspected, the GP may either refer the patient to a hospital or the patient may visit a hospital emergency department where the patient may be hospitalized for further treatment. Patients and GP's are free to choose the hospital of their choice in the whole country as there is no restriction in the regional access of care in Belgium.
Accurate estimates of the burden of diseases associated with influenza are therefore important in designing prevention and control measures in both healthy individuals and at-risk groups. We report here findings from a retrospective analysis of data on pneumonia and influenza (PI) and respiratory and circulatory (RC) hospital admissions from the payer's perspective in Belgium for the time period of 2002-2007. The precise estimate of the attributable fraction of influenza hospitalization is outside the scope of this study.
Methods

Data sources
The School of Public Health of the University of Louvain routinely collects data on classical inpatient stays from hospitals that participate voluntarily each year. The hospitals included in the analysis constitute a non-random convenience sample and are distributed across different regions of Belgium (Brussels [n = 2], Flanders [n = 1] Wallonia [n = 8]). Of these eleven hospitals, three are academic hospitals and the remaining hospitals are nonacademic.
Data on inpatient stays are based on the official Belgian Minimum Hospital Summary Data (BMHSD) definition of hospital discharge. Hospital stay of each patient is described in the BMHSD set (called "RCM" until 2007) which is recorded for the whole stay after the patient has been discharged. These discharge records are sent to the Ministry of Health twice each year (i.e. June and December). Discharge records for inpatient stays (i.e. when the patient has spent at least one night at the hospital) documenting year of discharge between 2002 and 2007 were included in the study. Therefore, hospital records of patients admitted through the emergency departments and who were discharged within 24 hours from that department were not included in the present analysis.
Hospital discharge diagnoses Definition of primary main diagnosis
For each patient stay, the BMHSD set contains data on the primary diagnosis and several secondary diagnoses coded as per the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD9_CM) codes.
The primary diagnosis was defined as the main reason for hospitalization of the patient for the total duration of hospital stay. Primary diagnosis codes were as follows: PI -ICD9_CM codes 480 − 487 included, and RC -460 − 519 and 390 − 459.
In the database there are up to maximum 29 different secondary ICD9 codes recorded for each stay. The ICD9-CM codes classification version used by the Belgian hospitals did not vary during the period under study.
Definition of other diagnoses and influenza-related complications
The secondary diagnoses describe complications of primary diagnosis and other concomitant pathologies that may have been present or needed to be cared for during the hospital stay (Table 1) [9] [10] [11] [12] [13] [14] [15] . A list of complications for all patients was used to diagnose possible influenza-related complications among the secondary diagnoses fields of each hospital admission record, irrespective of the age group for all patients. For children, an additional list of child-specific potential complications was created that was combined with the above "all patients" list and corrected for overlapping ICD9 codes ( Tables 1 and 2) .
Costs associated with influenza-related hospital admissions
The cost per hospital admission was based on the hospital discharge records from inpatient stays with 2007 as the discharge year. For each hospitalization, the hospitals send a detailed invoice based on the national reimbursement list including medical procedures to the patient's insurer. Therefore, the costs considered in this study are reimbursement costs. Records for only those patients who are covered by the Belgian National Health insurance (approx. 98% Belgian population) were available in the database and were therefore considered in the cost analyses. The cost per hospital admission included five componentshospital stay charges, pharmacy, laboratory, intensive care and medical procedures and others.
Statistical analyses
The hospital discharge data was aggregated by month based on the month of admission. Absolute numbers and rates of hospital admissions were estimated by primary diagnosis type (PI and RC), complications and age groups. Five patient groups considered in the present analysis wereinfants and toddlers (below 5 years of age), children and adolescents (ages 5 − 17 years), young adults (ages 18 − 49 years), mature adults (ages 50 − 64 years) and the elderly (ages 65 years and above). For mortality data and referrals from nursing home in the elderly the proportion of cases was also estimated. Average length of hospital stay, average annual costs and average costs per hospital admission (Euros) by primary diagnosis type, complications and age groups were also estimated. All data preparation and analysis were performed using SAS/ STAT® v9.2 or Microsoft Excel® software.
Results
Hospital admissions by primary discharge diagnosis and complications
The total number of hospital admissions due to any cause in the eleven hospitals observed from the years 2002-2007 was 1237517; of these, 1.69% (20960/1237517) and 21.79% (269634/1237517) were classified as primary PI and RC, respectively (PI = 3493 per year (range 3209-3859) RC = 44939 per year (range: 44470-45102). The highest rate of PI and RC hospitalizations were reported in the elderly patient group followed by children below five years of age (Table 3/ Figure 1 ). The burden of hospitalization due to PI and RC was the greatest in the elderly patient group followed by in children aged <18 years. (Table 3/ Figure 1 ). Annual numbers of primary PI and RC hospital admissions (including with and without complications) were similar over the years (data not shown). Of the total primary PI and RC hospital admissions, 56.14% (11,768/20,960) and 63.48% (171172/269634) had at least one influenza-related complication. Complications were most frequently observed in the elderly patient group for both the primary groups, PI and RC ( Table 3) .
The overall mortality rate in patients with primary diagnosis PI and RC were 9.25% (1938/20960) and 5.51% (Table 3) .
Costs associated with Influenza-related hospital admissions
The overall average costs per hospital admission and costs per admission by age group for the years 2002-2007 are given in Table 4 . The average costs per hospital admission for primary PI and RC were 5779 Euros and 6111 Euros, respectively. The relatively higher cost per hospital admission in the RC group than PI is attributed to frequently RC-associated intensive care and complex medical procedures which contributed to a significant proportion of the cost (data not shown).
The cost per hospital admission increased with the presence of influenza-related complications for both primary PI and RC hospital admissions (PI: 7159; RC: 7549 Euros). Among patients, the cost of hospital admission was the highest in the elderly group for both PI and RC -7454 and 7254 Euros per hospital admission, respectively. In Source: International Classification of Disease -9 th Edition; Codes were selected after a review of the literature [11] .
both groups, total costs per hospital admission did not increase with the presence of a complication for the elderly patient group ( 
Discussion
There are very few reports describing the burden related to influenza hospitalizations in Belgium [16] . Between 2002 and 2007, a total of 127906 hospital admissions were due to PI. Nationwide averages of annual hospital admissions with a primary diagnosis were estimated at 1488 (range: 1111 to 1677) for influenza and 24202 (range: 22935 to 25495) for pneumonia [16] . Data from the present retrospective analysis describes the burden of influenza and its related respiratory and non-respiratory complications in hospitals which provide an important public health payer perspective on influenza in Belgium.
In our analysis, we estimated the proportions of hospital admissions at 1.69% (n = 20960) and 21.79% (n = 269634) due to primary PI and RC diagnoses respectively during the years 2002-2007. These are in-line with the range reported for Western Europe (0-20%) [17] . Possible influenza-associated complications occurred in 56.14% and 63.48% of primary PI and RC hospital admissions, respectively. The overall mortality rate was estimated at 5.51% and this was higher in the group with a primary PI diagnosis compared to primary RC (9.25% versus 5.51%). A previously published report estimated a relatively higher mortality rate of 11.1% for cases with a primary PI diagnosis for the same time period [16] . The average length of hospital stay was approximately 12 days and 9 days in patients with a primary diagnosis of PI and RC, respectively. These findings were reportedly higher than those observed in Europe recently (average hospital stay ranged from 1.8 to 7.9 days) [17] . The average costs per year were 24.2 and 329.5 million Euros for PI and RC hospital admissions during the study period in our study sample. Complications associated with PI and RC hospitalization were responsible for approximately 70-79% of the total cost of PI and RC hospitalization. Despite the longer duration of stay in patients diagnosed with PI than RC, cost per hospital admission in the primary RC group was relatively much higher. This finding could be suggestive of the fact that RC is frequently associated with intensive care and complex medical procedures when compared to primary PI and therefore the higher hospitalization costs per admission. We estimated an average cost per hospital admission of 5779 Euros due to PI diagnosis. From within the European Union (EU), it is observed that these costs are not comparable. It is previously observed that the average costs in Belgium are much higher than the average hospitalization cost in Germany [18] and in Italy the cost per hospital admission was 3000 Euros which was lower than the average cost reported here [19] . These differences are largely due to the country-specific guidelines on reimbursement resulting from variance in influenzareporting patterns and differences in healthcare systems across the EU [19] .
It is widely suggested that annual vaccination against seasonal influenza remains the most effective way to tackle the burden associated with influenza and pneumonia associated hospitalizations. The World Health Organization (WHO) recommends seasonal influenza vaccination of pregnant women, children aged 6-59 months, elderly individuals (aged ≥65 years) with underlying chronic medical conditions and health care workers. Our data reports high numbers of hospital admissions in young children and the elderly patient group which can, at least partially, be prevented by vaccination [20, 21] . As with most countries in the EU, influenza vaccination is recommended and reimbursed in Belgium for people over 65 years or those with chronic diseases, pregnant women and health care workers. In 2008, 46% of the Belgian population at risk, which includes the elderly aged above 65 years or individuals aged above 15 years with a specific chronic disease (asthma, bronchitis, cardiovascular pathology, hypertension renal disease or diabetes) were reported to have been vaccinated during the last influenza season [22] . This modest level of vaccine coverage and the demonstrated burden of influenza underscores the need for a comprehensive approach to controlling its impact in Belgium. A recent cost-effective evaluation conducted for the Belgian setting suggests that universal immunization against influenza may prove to be cost-effective in the prevention and management of influenza [23] . Our findinds collectively with this evidence may help inform immunization recommendations in Belgium. Due to the retrospective nature of our study, we suggest a need for future prospective design patient-level studies to explore the influenza-related burden to society and health economic evaluations to assess the real-life impact-benefit of any programme designed to prevent, control and treat influenza and its associated complications.
An important merit of our study is that a large population from hospitals was investigated across the three regions of Belgium. Additionally, the time period considered in our analysis was six years which is important given the seasonal variation of influenza. Although we report important data here, it is crucial to highlight that it is likely that our findings may have been underestimated. This is due in part attributed to the health care system of Belgium where there are no restrictions in regional access of care in Belgium and the general perception of influenza.
Global comparisons of hospitalization rates associated with influenza are constrained by major difficulties. Hospital admissions for influenza or influenza-related complications are governed by a host of factors that together define the probability of being hospitalized like the severity of symptoms, whether the patient is member of a riskgroup, the propensity of the patients to seek health care and the propensity of treating physicians to recommend or initiate a hospitalization. These factors are also influenced by the perceived aggressiveness of the epidemic (epidemic scare) both by the patient and the health care professionals and the overall ease of access (financially and physically) to health care of the local health care system which may have also resulted in underestimation of the incidence of influenza and its related complications.
Besides the inherent limitations of the study database and the inevitable limitations of retrospective design, our analysis presents several limitations. First, our analysis focused for methodological reasons on hospital admissions, and not on discharges. Therefore, the data series are not complete at the end of the period under study (end of 2007) because patients admitted in 2007 and discharged in 2008 were not recorded in the study database which had a cut-off date of 31 December 2007 as discharge year. This estimated loss of information is about 3200 stays, or 1.5% of all the admissions of 2007. Moreover, a large number of patients who died from complications decease at the hospital. However, sometimes the patient may have died outside of the hospital (either at home or in a nursing home generally) based on the type of complication which may also have led to loss of information. Second, given that our hospital sample is a convenience sample and not a random sample, care should be taken to extrapolate the results to the national level i.e. to generalize these findings to all acute hospitals in Belgium since different types of hospitals were included and therefore differences in the outcomes may have existed. Furthermore, this also precluded the calculation of population rates as the population served by the hospitals in our sample (the denominator) was unknown. Third, the number of observed PI admissions that could be attributed to the influenza virus (i.e. the attributable fraction) could not be deduced from the presented data due to lack of laboratory confirmation. Consequently, identification of the exact influenza type could not be ascertained. Identification and estimation of the attributable risk on aggregated data needs more complex statistical methods and additional data that control for confounding variables like other circulating viruses, bacteria and various environmental and meteorological factors [24] . Fourth, regarding the estimations of patients with a non-primary main PI diagnosis but with secondary PI complication, different approaches can and have been used [16, 25] . A major problem is the absence in the literature of a commonly agreed set of influenza-related complications. Additionally, one should distinguish between known risk groups for influenza-related complication (say chronic heart failure) and the non-at-risk patients. The BMHSD data allowed only the identification of some of the risk groups, mainly if they are defined by gender, age or discharge diagnosis. In Belgium the different risk groups for a complication of influenza infection are officially defined by a mix of criteria like age (the elderly), living premises (nursing home), various chronic disease statuses or health status (pregnancy), occupation (health care workers) and a combination of age and outpatient therapy. In practice, background information of the patient, including the preexistence of chronic diseases, is rarely available in the hospital discharge summaries. Consistent with other epidemiological studies our results present aggregated time series data and therefore an ecological bias is always possible. Finally, the database did not have information on vaccination status of the patient and it was therefore difficult to assess if there was a decline in the numbers of influenza-related hospital admissions due to increased vaccination over the years.
Conclusions
The clinical and economic burden associated with primary influenza hospitalizations and its related complications in Belgium is substantial. Nearly half of the cases of pneumonia and influenza occurred in the elderly both in absolute numbers and in relative proportion of patients with PI. The second largest group was children aged <18 years. Therefore, the group of elderly patients and children are the target group for implementation of prevention and control measures to reduce the morbidity associated with influenza. Further research is needed to prospectively assess influenza-associated hospitalizations using sensitive testing methods in both respiratory and non-respiratory disorders in Belgium.
